Mechanism of the kainate-induced intracellular acidification in leech Retzius neurons.
We examined the effect of the glutamatergic agonist kainate on the membrane potential, the intracellular Na+ concentration ([Na+]i), the intracellular-free Ca2+ concentration, and on the intracellular pH of Retzius neurons of the medicinal leech, Hirudo medicinalis, in order to investigate the mechanism responsible for the intracellular acidification caused by glutamatergic stimulation. The recordings were made with Na+- and pH-sensitive microelectrodes and iontophoretically injected Fura-2. Bath application of kainate evoked a marked membrane depolarization, a [Na+]i increase, and an intracellular acidification. The intracellular acidification was unaffected by reversal of the electromotive force for H+, suggesting that an influx of H+ from the interstitial space does not contribute to the acidification. While the Ca2+ channel blockers La3+ and Co2+ had no effect on the kainate-induced intracellular acidification, suggesting that a Ca2+ influx via voltage-dependent Ca2+ channels was not relevant, the acidification was reduced in Ca2+-free saline solution. In Na+-free saline solution the kainate-induced intracellular acidification was absent, suggesting the involvement of Na+ influx in generating the acidification. When injected iontophoretically Na+ induced an intracellular acidification but Li+, K+, Rb+ or Cs+ did not. Furthermore, a [Na+]i increase induced by blocking the Na+/K+ pump also led to an intracellular acidification. We conclude that the [Na+]i increase is the crucial event underlying the kainate-induced intracellular acidification. Possible mechanisms linking the [Na+]i increase to the intracellular acidification are discussed.